Introduction
Acute exacerbation is a common phenomenon for chronic obstructive pulmonary disease (COPD) patients during the course of their disease. 1 Acute exacerbations of COPD (AECOPD) impact long-term prognosis and are associated with substantial in-hospital mortality. The most important factors that determine the overall prognosis of COPD are the frequency and severity of exacerbations; 2, 3 and AECOPD are often companied with respiratory failure. 1 The blood of most of AECOPD patients is in a hypercoagulable state for hypoxemia and carbon dioxide retention. [4] [5] [6] This state causes the formation of small pulmonary thrombosis and leads to an adverse prognosis. [7] [8] [9] Some clinical evidence shows that hypercoagulable state and thrombosis in the pulmonary vessels can alter the clinical course of patients with COPD, especially
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hu et al during the period of acute exacerbations. 10 The D-dimer is a product of fibrinolysis, which may increase during many illnesses and physiological conditions associated with thrombosis and thrombolysis. 11 Studies have showed that elevated plasma D-dimer was associated with adverse outcomes, and D-dimer has been recommended as a prognostic factor for these conditions. 10, [12] [13] [14] [15] [16] [17] However, there are few prospective studies that have investigated the role of D-dimer in patients with exacerbations of COPD. We therefore performed a prospective study to investigate the role of serum D-dimer in the prediction of in-hospital mortality and all-cause mortality within 1 year in AECOPD patients.
Methods subjects
We screened all the AECOPD patients admitted to the respiratory medicine department of the Third Affiliated Hospital of Guangzhou Medical University (Guangzhou, People's Republic of China) from November 2012 to November 2014. All subjects had been diagnosed with COPD previously by respiratory doctors. The exclusion criteria were: hospitalization for a reason other than AECOPD, inability or unwillingness to cooperate with the doctors, and not providing spirometry data. We invited all the AECOPD patients to participate in the present study on the first day of admission to the ward. The ethics committee of The Third Affiliated Hospital of Guangzhou Medical University approved the research protocol.
study design
Patient demographics, including age, sex, the number of hospitalizations for AECOPD in the previous year, smoking habit, and comorbidities, with a special emphasis on cardiovascular disease, were recorded. Clinical data, such as vital signs and arterial blood gases (pH, arterial carbon dioxide tension (PaCO 2 ), arterial oxygen tension (PaO 2 ), and arterial oxygen saturation), were examined on admission. We collected the blood samples from each patient at the time of admission to the department of respiratory disease for D-dimer and standard laboratory measurements (creatinine, blood urea nitrogen (BUN), platelets, hemoglobin, hematocrit, fibrinogen, and C-reactive protein (CRP)). The glomerular filtration rate (GFR) was calculated within 24 hours of admission by the simplified modification of diet in renal disease equation. 18 GFR ,90 mL/min/1.73 m 2 was considered as renal dysfunction. Congestive heart failure was diagnosed on the base of the Chinese guidelines published in 2007 for the diagnosis and management of chronic heart failure. 19 Attending physicians not involved in this study made the treatment programs according to the Global initiative for chronic Obstructive Lung Disease (GOLD) guidelines. 1 Patients were followed up with telephone interviews every 3 months for 1 year by the study investigators. Patients with at least one hospitalization for AECOPD in the previous year were considered as frequent exacerbators.
statistical analysis
The primary outcomes were in-hospital and all-cause mortality at 1 year. The secondary outcome was the factors associated with in-hospital death. Categorical variables are presented as n (%), and normally distributed values are presented as mean ± standard deviation. Comparisons between groups were made using chi-squared test (for categorical variables) or analysis of variance (for continuous variables). Receiver operator curve analysis was applied to define the minimal optimal D-dimer level that predicted death. Multivariate logistic regression analysis was applied to determine the independent factors of in-hospital death. To evaluate the influence of D-dimer levels on 1-year mortality, we performed Cox regression univariate and multivariate analyses. Significant confounders, including age, sex, current smoking status, the comorbidities of heart failure and renal dysfunction, pH, PaO 2 , PaCO 2 , and GOLD stage, were evaluated in the Cox regression analyses. Kaplan-Meier survival curves and log-rank tests were used to compare the time to death between those with elevated D-dimer levels and those without. The results are presented as hazard ratios (HRs) with 95% confidence interval (CI). We analyzed the data using the Stata statistical software package (Version 7.0, Stata Corporation, College Station, TX, USA) and SPSS 13.0 for Windows (SPSS Inc., Chicago, IL, USA).
Results
D-dimer and in-hospital mortality
We evaluated 391 AECOPD patients. However, there were only 343 AECOPD patients included in our study. Figure 1 shows the flow chart of the included participants. Twentyeight subjects experienced in-hospital mortality. Table 1 shows the differences between survivors and non-survivors in the hospital. There were more patients who suffered from renal dysfunction and congestive heart failure in the non-survivor group. Additionally, the non-survivors were significantly older (80.4±8. associations between serum D-dimer levels and clinically relevant outcomes Table 2 shows non-statistically significant associations of D-dimer levels with sex, PaCO 2 , pH, fibrinogen, platelets, and PaO 2 (P.0.05) and statistically significant associations with age, renal dysfunction, hemoglobin, hematocrit, CRP, and the concentration of creatinine and BUN (P,0.05).
serum D-dimer levels and in-hospital mortality
Univariate analyses (Table 3) showed that a pH ,7.35, PaCO 2 $50 mmHg, PaO 2 ,60 mmHg, congestive heart failure, renal dysfunction, and D-dimer $985 ng/L were risk factors of in-hospital mortality, while age, GOLD stage, sex, and frequent exacerbators in the past year were not risk factors for in-hospital mortality. However, multivariate logistic 
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hu et al regression analysis only showed that congestive heart failure and D-dimer $985 ng/L were associated with in-hospital mortality (Table 4) .
serum D-dimer levels and 1-year mortality
Fifty-seven subjects died within 1 year. Figure 3 shows the Kaplan-Meier survival curves, which evaluated the time to death within 1 year based on serum D-dimer levels.
Patients with serum D-dimer $985 ng/L had an increased risk of 1-year mortality compared to those with serum D-dimer ,985 ng/L. Univariate Cox regression analyses showed that D-dimer was a risk factor for 1-year mortality (HR 3.48, 95% CI 2.07-5.85; P=0.001) ( Table 5 ). And multivariate analysis also showed that the serum D-dimer level still was an independent risk factor of 1-year mortality (HR 1.96, 95% CI 1.05-3.65; P=0.035). Univariate analyses (Table 5) showed that age, pH ,7.35, PaCO 2 $50 mmHg, PaO 2 ,60 mmHg, congestive heart failure, renal dysfunction, CRP, and D-dimer $985 ng/L were risk factors of 1-year death, and GOLD stage, sex, and frequent exacerbators in the past year were not associated with 1-year death. Multivariate analysis confirmed that CRP, congestive heart failure, renal dysfunction, and D-dimer $985 ng/L were risk factors of 1-year death (Table 5) .
Discussion
This study is a comprehensive prospective study reporting the associations between D-dimer levels and in-hospital and 1-year mortality for COPD exacerbation. In the present study, our result showed that the serum D-dimer level was an independent risk factor for in-hospital death (relative risk =6.51, 95% CI: 3.06-13.83) and 1-year mortality (HR =3.48, 95% CI 2.07-5.85; P=0.001 for univariate analysis; and HR =1.96, 95% CI 1.05-3.65; P=0.035 for multivariate analysis) for AECOPD. Many studies have reported that the D-dimer was an independent predictor for cardiovascular and all-cause death among elderly persons. 10, 13, 15, 20 Our study results were consistent with the retrospective study reported by Oren Fruchter, 10 which showed that D-dimer level examined on 
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D-dimer role in mortality for aeCOPD admission could be used as a predictive biomarker for shortand long-term mortality for AECOPD. 10 Several factors have been previously reported to be risk factors for death, including the frequency of AECOPD. 21 Soler-Cataluna et al have reported that frequent exacerbations were a risk factor for mortality. 21 However, in the present study, we found that frequent exacerbations were not a risk factor for in-hospital or 1-year mortality. The differing outcomes between studies may be related to the dissimilar definitions of frequent exacerbators. In our study, we could not collect the exact data on the exacerbations in the past year. But, we could collect the previous year's information of hospitalization due to AECOPD; therefore, frequent exacerbators were defined as patients who had at least one hospitalization for AECOPD in the past year. We did find that AECOPD patients with coexisting congestive heart failure had higher 1-year and in-hospital death, which was consistent with previous studies. 22, 23 In our study, we found that elevated CRP was an unfavorable factor for both 1-year and in-hospital death for AECOPD. There are some studies that have reported that elevated HsCRP was a risk factor for adverse outcomes of 24, 25 Of course, there are also studies that showed that elevated HsCRP was not associated with mortality of AECOPD. 26 In a previous study from our group, we showed that plasma cystatin C was a risk factor for in-hospital mortality. 27 Additionally, in another study from our group, the PSI index was associated with in-hospital death. 28 D-dimer was an easy-to-obtain biomarker and an independent risk factor of in-hospital and 1-year mortality, which suggest that D-dimer could be used to identify serious patients who need more intensive treatment. So, serum D-dimer levels could be used to construct a multicomponent score in future studies.
Additionally, we also explored the association between D-dimer levels with laboratory tests and clinical characteristics for AECOPD patients. We found that D-dimer levels were higher in patients with renal dysfunction and congestive heart failure and were associated with CRP, hemoglobin, hematocrit, and old age. Alternatively, D-dimer was not associated with sex, PaCO 2 , pH, fibrinogen, platelets, and PaO 2 . Ya-Jun Song et al have reported that the serum D-dimer levels significantly negatively related to PaO 2 and positively related to PaCO 2 in the patients with AECOPD combined with respiratory failure. 29 There were also some studies that showed D-dimer levels in patients with renal dysfunction were elevated. 30, 31 The study by Jafri et al showed that D-dimer levels in patients with heart failure were higher than patients without heart failure. 32 Our study has several limitations. The first is that pulmonary embolism, diagnosed by computed tomography pulmonary angiography (CTPA) or pulmonary angiography, was not excluded, which may generate bias. The second limitation is that the patients were followed up only by telephone and every 3 months, which may generate interview bias. The third limitation is that we could not collect the exacerbation times in the past years. The frequent exacerbators were defined as patients with at least one hospitalization for AECOPD in the previous year.
Conclusion
Conclusively, D-dimer was a risk predictor both for inhospital and 1-year mortality of AECOPD patients. Additionally, the serum D-dimer is a widely and rapidly examined cheaper biomarker, which means that D-dimer could be used to identify serious AECOPD patients. 
